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ABSTRACT 


A logic interface was designed and fabricated for use be- 
tween an existing 48-tube pressure multiplexing "Scanivalve" 
and an ASR-33 Teletypewriter set. The teletype has a punched 
Daper Output Option, thus allowing rapid data reduction of 
the digitized data to dimensionless pressure coefficient form 
MElMmZing Existing computer facilities such as’ the IBM-360/6/7, 
Wang-700, etc. The purpose of the research studies was to 
upgrade the data acquisition facilities and procedures em- 
ployed in wind-tunnel experimentation in the Department of 
Aeronautics. Additionally, this work forms a portion of the 
overall data acquisition problem including the data logging 


on the wind-tunnel three-component balance. 
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eee NE RORUCTION 


The ultimate objective in the area of instrumentation, 
data acGuISULIOn, and data reduction/processing is to provide 
the scientist or engineer with effective tools with which to 
economically generate or validate sound analytical hypothesis 
HoecC wabelrdtory levycliie A corollary to this objective an the 
academic field, as indicated in Ref. 1, is the enhancement of 
eae studene s learning process by reducing Om eliminating the 
requirement for manual data collection and processing. MThe 
eralisitilten from manual to automatic data acquisition/process-— 
mie Cam thus facilitate Improved sSclenti1st/student productiviry 
by economizing the time and effort devoted to the tedious and 
mundane numerical manipulations while maximizing analytical 
Paolo omit ol tomes Rea liZzatlonsot this sob jective in the lab— 
oratory facilities of the Aeronautical Department of the Naval 
Postgraduate School necessitates significant improvement and 
moduler Gation Of existing equipment. There does exist,however, 
in stock the basic components with which to implement an effec- 
iZVe automatic Gata acquisition and processing system. § Hence 
the real problem is transfixed from one of economics and fis- 
Call considerations tO one of amalgpmating hale M@pax-lonat-honmele! 
existing elements into a coordinated system. 

The design and development parameters of an integrated 
data acquisition/processing system are established through 


performance analysis and value judgments of available equipment 





and data rate/condition requirements. The factors considered 
in performance analysis of equipment and signal conditioning 
are rather straight forward and generally well documented in 
associated operating manuals. Further, in the fixed base 
laboratory facility, the preponderance of data input is gen- 
era liveeotman analog mature requiring minimal signal condition- 
ing when processed to the read-out stage. Under this condition, 
time variation of the input data is the paramount considera- 
tion aleviated through appropriate incorporation of sample- 
and-hold devices. If however, the acquired raw data is to be 
processed through a digital computer, further signal processing 
must be undertaken to digitize the analog signal and shape 

the resulting electrical impulse train into a serial or paral- 
lel form compatible with existing digital computer facilities. 
The problem of processing time-varying analog signals utili- 
Ziggeence weAl—-42 Correlation ands ProbabilitysAnalyzer and the 
IBM-360-67 digital computer has been addressed in Ref. 2. 

Data acquisition rate is a design parameter which may be 
qualitatively Berneered into the following categories (rela- 
tive to a four aLlgGletoluse svamenumbe rs 

slow :.. ee at sampling speeds of up to one 

number per second; 

medium rate....recorded at speeds from one to one hundred 

numbers per second; 

etches vests. . 42.4 recorded at speeds above 100 numbers per 

second. 


The final data acquisition/reduction system design is highly 





SepenCctiin tile area OLeeconomics and complexity upon the 
SS Gera tieMenOmsySeCmmcdta rasta.) AS amgeneral rule the 
relationship between system cost and acquisition rate is ex- 
ponential. This stingent limitation has been somewhat relaxed 
with the advent of the low cost mini-computer; however, the 
high cost of peripheral equipment remains. 

Presently an immediate need exists for data handling at 
a Slow rate for laboratory experiments in the Department of 
Aeronautics. As indicated in Ref. 1, an initial need exists 
in wind-tunnel data acquisition wherein balance force and 
moment and model pressure distribution indications are to be 
processed at a rate of ten characters per second. Thus it 
foot lempuEm@OSCEOEeEnmuS = tmeSISuco aqcdress the proplem of .auco- 
matic wind-tunnel model pressure distribution collection and 
processing with the view that with minor modification the sys- 
tem concept may be directly applicable to acquisition and 
processing of steady analog signals from other laboratory 


meserumentation SOUrces. 
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Pen lUR On THE PROBLEM 


tine general data acquisition system les|)three stages, as 

nOtLeGm i Ret. 3s 

1. The input stage, which consists of appropriate trans- 
euccrsmand cteghoWecondittoling circuits (anplifiers, 
MigeccrsS = CLlen 

ae eslohalweOnversiom Stage, which comverts® the inoue 
Signal, an analog voltage, to a sequence of voltage 
peeoc Cae vrEesoMEemnG mimeo ltal LOMm@meLne conver o1 On 
to digital form with existing equipment is made by 
ELanstorming ene VOlLCages to frequency which an turn 
eave Dom sod Omid ucnec LCCLROn ec COUN ting CieculLtes, 
1.@. the conversion is essentially a frequency-modula- 
‘Gael jeparcveleyeys) - 

3. An output stage, which takes the digital signal and 
expresses fe in printed form On a high speed printer 
sheet, plots the data on graph paper, punches the 
@ata On Cards, or stores the data on magnetic or 
punch-paper tape. The output stage must include 
suitable coupling circuits to express the digital 
signal in agform)for driving the enumerated output 


modes. 


A. PRSeCeie PION OF w@INPUT DEVICES 
1. Scanivalve Model 4874-1200 
The 4834 series Scanivalve is a scanning type pressure 


sampling valve for measuring multiple pressures. The Scanivalve 


TE 





makes one integral pressure transducer and its zeroing circuit 
do the work of 48 transducers and 48 zero circuits; i.e. mul- 
tiplexing in the physical, pressure domain. The Scanivalve 
consists” of four major subcomponents exclusive of the pres- 
sure transducer which is selectable depending upon the pres- 
sure range, sensitivity, and dynamic characteristics desired 
endmenemnocater bace me [hesc subcomponents are: (i) the drive 
Meee Mmanual,= solenoid, or motor), (2) the transmitter (BCD, 
DCML, Standard Tube Mark (STM), or Oscillograph Tube Marker 
OTM)), (3) the valve unit, and (4) the pneumatic connector 
unit. The Scanivalve subassembly combination, previously 
purchased by the Department of Aeronautics consisted of the 
J4 valve unit, one inch tubulation extended pneumatic con- 
NeOGEOL = SOmenord drive unit, and STM/OTM transmitter. 

The Scanivalve system operates by sequentially con- 
necting the pressure transducer to various pressure ports 
Vimeo lalwiole I1netche rOlLOm whiche=terminates at the col— 
iceen holeéw ess the Trotter FOtLacesye thm collector hole passes 
under the meee ie seal eceoe ports of the stator. Referring to 
Biome lc maway saad ide) oe iEhomieG toma ccene to beerigidly 
Supported oo a thrust bearing Gnabling the system to operate 
up to pressure inputs of 500 Pstde he stator as elastically 
eonmectedmtoutne block inwasmanmner which allows) theestator to 
follow the surface of the rotor. Thus the pneumatic forces 
(pressure x area) at each pressure inlet port which tend to 
force the rotor away from the stator are withstood by the 


ball thrust bearing. Further, because of the relatively 


IE 





insignificant volumetric change created by inlet pressure 
venting to the collector, transducer stabilization time re- 
quirements are minimal and for most applications may be ne- 
Gihae wee! [ Ref. 4 | . The complete operating parameters for 
the 4874-1200 Scanivalve are presented in Table I. 

The Scanivalve is sequentially advanced from the 
-"home" position (port number 48) via the scanivalve control 
unit ,which will be discussed later, to the solenoid drive 
unit. The position transmitter generates a train of square 
waves with each particular train corresponding to a specific 
valve position or tubulation. 

eee DO Lenota Controller CYER S2-S6 

The Solenoid Controller is designed to increase the 
stepping speed of the Ledex solenoid driven Scanivalve jRef. 
5]. The unit consists of a self-contained isolated power 
supply (for both Controller and Scanivalve), solenoid drive 
eee Me NOM mewrecull t menome. indicator, relay and manual 
control, Complete?’specifications for the Solenoid Controller 
are presented in Table II. 

To provide a centralized, compact automatic pressure 
acquisition system, the Controller was modified to facilitate 
mounting and activation from a standard 18 inch instrumenta- 
tlOumiaaek Panel, the modi facation consisted of transferring 
mie POWermIndbeation Iaoqht from the BeNeTOlTay ohowbrs Mace) elas 
face of the instrumentation panel and wiring an additional 
power switch in parallel with the existing switch. These 


ReduitedbtoncmaGe siidicated ia Pig. 2... Additionally, a panel 
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Support bracket was installed, note Fig. 3, to provide ade- 
Succ sokruceura ll ecriee 

3. Differential Pressure Transducer PM131TC + 2.5-350 

Phe PMUSITC bi-directional differential pressure 

transducer is a small, lightweight instrument utilizing an 
Miponded, Lully “active strain gage (Wheatsicone) bridge.  Se- 
Siete or sci s transducer for ancorporation into Ehe auto— 
matic pressure acquisition system was based upon availability, 
adequacy, and adaptability to the 4834-1200 Scanivalve. For 
most applications of a wind-tunnel nature in the Department 
eee rc Die SSUite  tange Olu 22 eS tC Of Ellie 
transducer is adequate. The maximum velocity of the low speed 
Mietsctiic ar ot examole, results inva Maximum dynamic pres= 
sure (q) of 60 psf which equates to a pressure coefficient 
Pee woot ecw SOdttlonaliliy;ethae tlusi=diaphragm const ruc— 
tion of the transducer permits direct exposure to the pres- 
sure media and a system response that is flat to one-fifth 
Simene Ehansducer's naturalleirequency (3500 hz). A complete 
Bist of ence Speci tices, lm ececernu sha le Hee aiic 


appropriate wiring diagrams are provided in Fig. 12. 


B. DESCRIPTION OF DATEL DIGITAL PANEL METER MODEL DM-100 
The DM-100 digital panel meter (DPM) is a small compact 
Gigital voltmeter utilizing state-of-the-art monolithic/MSI 
devices!) to facilitate analog to digital conversion and a 
solid-state display read-out employing Light Emitting Diodes 
CP onewataleg-to-digital converter input voltage range 


eon eo leoewiltiea GligEeizer accuracy Of + 0.05% of 
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Ene iiGewecOuUntw. | ine data OULpUL 15 in Binary Coded Deci- 
ieee Meera 42a Oshirvemlogme Loading. Conversion 
BateweE Ome UO eConversions per second, fhe complete op— 
erating specifications are tabulated in Ref. 6. Additionally 
Pio wmMelicC GCrhagrans LOL incorporation of the DM-100 into the 
data acquisition system proposed by this thesis is provided 


ioe REL. avi 


C. ANALOG TO ASCII CONTROL BOARD 

The output of the DM-100 DATEL DPM is, as previously 
NROtCeGd Ee Provided Fn#atBeChD format. VSince BED formatyis not 
directly applicable to existing computer input facilities, 
it is necessary to convert this BCD output train to the more 
flexible American Standard Code for Information Interchange 
(ASCII). The theory and corresponding hardware for this 
conversion process was developed in Ref. 2 and modified as 


per Ref. 7 (extracts of which are included in Appendix A). 


i 





Delo LNITLON OF DESIGN 


hic Avo abit vor tne paimaLiel Bb outout from the 
VALE EwOM= LOO OPM... BCD to ASCII conversion, and direct ASCTTI 
ipuiesanosOulLpuL data flow through the ASR-33 to the Wang 
700 calculator interface and/or the IBM 360/67 computer fa- 
‘cilitates the design of an effective data processing system. 
Integration of these components with and development of a 
flexible data acquisition element posed several problems. 

Mice atetaieecOonstactaclon tm INncorporacton Of ene commen. 
cially produced Scanivalve/pressure transducer combination 
into the data acquisition system was the development of ade- 
CUetemeonerollingserccultSaminis control network must lave 
Ene saab isl iy On: 

(Pe NSU ngmene BAUChEEMETecatLLon Of uEme Scamivalve pres— 


sure port being sampled; 


2. variable speed; 
SeemalicOMactc: and Matual Operation; 
eee DN CNrOn | Zac eme win per lpnieralmeni ts . 


Various schemes facilitating pressure port identification 
were available. The most expedient approach consisted of de- 
pect eene ofM/OLM idenliticationseode train generated by fhe 
Scanivalve transmitter unit. Although this solution provided 
POSitetve identification of the port being sampled, a major 
complication was encountered. There existed the requirement 
POC eeoL mac eogl lng CirCultwe olnce the O1M Output Was Spe 


Cig Calily. desnigned §for oscillagram presentation, incorporation 
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would have required the conversion of the OTM to BCD to pro- 
vide a readily available visual display. 

Another feasible solution evolved from the positive action 
of the Scanivalve/Solenoid Controller. Given a 5v positive 
square wave, minimum of 5 milliseconds pulse width, generated 
by the manual stepping switch on the front face of the Sole- 
noid Controller, the Scanivalve advances one and only one 
pressure port step. Likewise, a similar pulse is generated 
by the manual "home" switch on the Solenoid Controller which 
results in the Scanivalve cycling to pressure port 48 or the 
ZeGco pOre. s4hus, COnSideringgthe positive action of the 
Scanivalve to an input step pulse and the definiteness of the 
"homing" pulse, an effective and efficient identification 
scheme can be provided by simply counting the input step 
pulses and incorporating appropriate visual displays. 

Variable speed in the Scanivalve control circuit is essen- 
Priimecomlnsure@acecurale yet rapid data acguisition and proc 
essing. As has been indicated, one of the primary advantages 
derived from utilization of the Scanivalve/pressure transducer 
combination) as ajpressure data collection instrument is the 
rete smal volumetric change encountered when sampling 
numerous pressure ports. The consequence of this operational 
aspect is that the time required to insure stable pressure 
measurements upon switching the pressure port being sampled 
iS minimal. Since there is, however a finite pressure change 
between each pressure port, there exists a time delay between 
pressure application to the transducer and digital voltmeter 


Signal stabilization. 
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Another desirable feature of the Scanivalve control cir- 
cuit is the selectability of automatic or manual operation. 
In the automatic mode of operation, after installation of the 
wind-tunnel model, connection of appropriate electrical and 
pressure connections, and determination of calibration factors, 
the system should be capable of sequentially selecting pres-~ 
Sure ports and providing corresponding coefficients of pres- 
sure in a “hands off" manner. Conversely, there will occur 
instances in which these aspects of data acquisition may of 
necessity be obtained in a manual mode with varying degrees 
of manual operation. The two primary degrees of manual oper- 
ation are: 

l. manual selection of pressure port with automatic data 

reqducEelon ala 

2. manual selection with manual data reduction. 

The manual operation requirement thus dictates the necessity 
men  TiTCOrDOratloume: Manuaiamecontrolecleouricsitor the Scani-— 
valve and a visual digital display of the pressure transducer 
SUC Due. | 

Finally and most significantly, there exists the require- 
ment COL een SvVileironmlZa Clon ces CanlValves pressure 
-acquisition and data reduction system, as alluded to previous- 
ly, there is the necessity to insure and Gecshoitor pressure 
and digital representation stabilization. After adequate 
Signal stabilization has been achieved, the system should 
Generate someacernal command signal) to: 


ite HOld the signal; 
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2. initiate BCD to ASCII conversion (when utilizing the 
IBM-360 or Wang 700 digital computers for data reduc- 
tion via the ASR-33 TTY); 

Beeepause to allow time form Gata reduction if the system 
is operating in a real time mode (if data is to be 
stored On ASR-33 TITY punch paper tape, step 3 may be 
deleted); 

4. advance the Scanivalve to the next sequential pres- 
sure port and repeat the data acquisition cycle. 

Finally, after all pressure ports have been sampled and the 
data acquisition cycles completed, the system should generate 
a command signal to return to the "home" position of the 
Scanivalve and hold, awaiting, for example, change in model 


qlLiettude or wind-tunnel gq, before reactivation of the@system. 


ice 





eee eo CUSSION OF PDESIGN 


The finalized pressure data acquisition/processing sys- 


tem, based upon parameters established in the Definition of 


Design (Sec. III), consists of the following components: 


ies 


LOR 


Jal: 


HEZee 


or 


14. 


Sie inonmiezat lon, LIM no. wind | 
COlwalaleuyetrcule, 

Automatic Scanivalve advance, 

Manual Scanivalve advance, 

AUeenacme NOMNeGse+reuUlite, 

Manual home circuit, 

Pressure sensing system, 
PLCnicwemeomal tLOnei; 

Scanivalve, 

Ssoelenoida Controller, 
ENalog—-ee--aigital Cenverter Circule, 
ASR-33 TTY, 

BCD-to-ASCII converter and BCD-to-MONROE machine 
language converter, 


Gaiculator/computer facility. 


Tessynehrons zation, timing unites cussed in Sec... Ve 


utilizes a monolithic TTL integrated circuit one~shot multi- 


vibrator with external timing components to generate a 60 Hz 


or 110 Hz variable pulse width square wave. The buffered 


SuLsoueerron the mMulectvibpracot tS Utilized for synchronization 


Gime cCermar components, Aok-3os TTY (110 HZ) Or MONROE 1666 


CUP i), 


footer rial timing Lhecomintermal timing Lunction 
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specifically applies to the advance rate of the Scanivalve. 
Since pressure acquisition rate is dependent upon the calcu- 
lator/computer system being utilized for data reduction, a 
variable advance speed is achieved by incorporating TTL 4-bit 
binary counters which reduce the multivibrator output by fac- 
tors of 64, 128, and 256. These reductions provide Scani-~ 
Valve advance rates ranging from 0.25 to 1 step per second. 

“The advance pulses are routed through the Automatic/Man- 
Valeswitcno st (note instrument ypanel! location Fig. 2) which 
provides the implied source advance pulses for the Compara- 
ton Cireume (Sec. Vi). In the@manual fmode, diiscussed@in Sec. 
VIII, the Scanivalve advance pulse is generated by a one- 
shot multivibrator activated by the Manual Advance push but- 
Ponmewluechmos (note panel location Figs 2). in the awtomatic 
mode, the input to the Automatic/Manual switch comes from the 
speed selector switch (low, medium, or high speed) S5. 

Dic COMeatdeOn Tol rECUle wAaDOLicable primarily an the auto- 
Matic mode, receives its input from the thumb-wheel selector 
switch (note location Fig. 2) which contains the numerical 
value (2 digits) of the maximum number of pressure ports to 
be pequengien ly sampled and from the decade counters of the 
WMeEcual aoOSltLIOon Gisplay Circult simote Sec, Vi for complete | 
discussion). The outputs from these sources are routed through 
various inverters, NAND gates, and NOR gates to determine 
coincidence of the BCD characters. Total coincidence, MSD 
enemmolymeresults in act@ivation Of ~Ehe Homing circuit. The 


system will, however, continue to advance sequentially, both 


Zab 





the Scanivalve and the LED visual position indicator, until 
coincidence has been achieved. The Scanivalve advance is 
achieved through the stepping pulse being applied to the base 
of the switching transistor which actuates the Solenoid Con- 
EaollLoreStenpineersecuLt (notoe rig. a4) | 

the Homing Grrcult, discussed iin Sec. VIL, provides both 
Manual and automatic output pulses to the Solenoid Controller 
Pidsthescwateching Crrcuate iilustwated in Figsae4. In the 
automatic mode, upon determination of coincidence of the BCD 
outputs from the thumb-wheel selector switch and from the 
se cadcmeeumgeoreror GhotLiED circuits, gapone—shot multivibra— 
tor 1s activated generating a square wave (minimum pulse 
width of 5 milliseconds) which accomplishes the following: 

1. Pulses the Scanivalve Home circuit; 

2. Inhibits the power to the 4-bit counters to hold the 

system until reactivation; 

3. Resets the LED's to zero. 

he aticveshOnem@munci tome S semovrdedmutt bizing sche. cui 
cuits incorporated in the automatic home circuit with the 
addition of the Manual Home/Reset push-button switch S6 (note 
location Ene Zin aL LUuneCELOWewon ehis sSwitch 1s to manually 
interrupt the sequential collection and processing of pres- 
sure data prior to the planned termination of any experimental 
exercise. Additionally, this switch reactivates the system 
after a home sequence has been accomplished through the re-~ 


apolacatwom Of power to the #ebit binary counters. 
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Pressure data collection is accomplished through the com- 
bining of the Scanivalve multiplexing potential with a pres- 
Supemeransaquccr andmsigqnal conditioning Circuit (discussed 
in Sec. IX). The pressure transducer, a Statham bi-stable 
iene Gentle epoiaeS Sire teamsauccr model PMESITC + 2.5-350, 
produces an analog voltage linearly proportional to the ap- 
plied pressure. This signal is amplified through the variable 
gain Burr-Brown operational amplifier, type 34403, and routed 
to the analog-to-digital converter incorporated in the DATEL 
Digital Panel Meter (DPM) model DM-100. With an input imped- 
ance of 351 ohms to the operational amplifier and a variable 
output impedance of 100-150 Kohms, a variable amplification 
HCC OuE Tenge 255-427.) 1S provided to facilitate full-scale 
Geditar vOolcneter andacation while accomodating variations an 
transducer and digital voltmeter combinations. The DM-100 
(DPM) with i PeiGenon et la evolts so rOduCesS sc pCD TOUL OME las 
presentative of the analog input from the pressure transducer/ 
Speracionart amplifier COMmbinalLionmelats Gigitazed sagqnalwus 
inhibited, rn oaous Ce a Sample-and=memd Cvolueion,; soy sthe 
Scanivalve advance gate output. Once the inhibit pulse is 
present in the analog-to-digital converter, the held BCD sig- 
Nakeaise Converted Eo ASCII for vtransrer to the ASR-33 TTY (note 
conversion process Ref. 2 and eee ii ieee  coured Oo tee 
MONROE GGG slmLerrace ELOr COnverSion tO machine language 
(ieeer Reta Atlteneeransteseanad conversion of the sampled 
BCDM@UtPUE;ma reset gate is®generated to unlock the analog- 


to-digital converter, enabling the processing of the analog 


2S 





Signal corresponding to the next sequential Scanivalve pres- 
Sure yore, 

Through the above sequence of eats acquisition and signal 
SCOldlELomimis Gleps wad Glidltized representation of the sampled 
data is realized. These digitized data, upon processing 
through the applicable calculator/computer interface, are 
then in a format suitable for reduction into dimensionless 

coefficient form in the incorporated computer system and sub- 
sequent determination of the aerodynamic performance charac- 


teristics associated with the model pressure distribution. 
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V. TIMING CIRCUIT 


Synchronization of the Scanivalve pressure multiplexing/ 


Gata reduction system is achieved utilizing a solid-state 


iit ee LI ttl S Gig@eal time Circuit provides = 


The 


ie 


60 Hz square wave timing gate for synchronization 
with the Monroe 1666 digital computer; 

110 Hz square wave timing gate for synchronization 
with the ASR-33 TTY; 

high, medium, and low speed options PemeOntrOl sean 


valve sequential advance rate. 


editions L StS Oi: 


a monostable multivibrator; 

BeNAN De GabewOuU LPL sou Ler: 

two 4-bit binary counters; 

Manual/Automatic switch S11; 

Internal/External timing source switch S2; 

mnHZ/ LlOrHz seleéctasle timing gateyswitch S3 
(note: either 60 Hz or 110 Hz timing signals may be 
generated at any instant with the selection dictated 
by the particular computer system synchronization 
BecguiLremcnt-sine..00 Hz for Monroe or 110 )Hz for 
ASR-33 TTY); 

high, medium, or low speed selectable Scanivalve 


SLO Dp iid SWLECH "cor 


ZS 





A. MONOSTABLE MULTIVIBRATOR 

Ernie monostable multivibrator is a monolithic TTL inte- 
Giedtcameltrocule, ctype N/41l20ei.oignetics), which features d-c 
E@ qgering [rom positive or gated negative—-going inputs with 
payaso) ee facility [Ref. ae Normal operation for the N74121 
is in the "one-shot" mode in which appropriate input triggers 
corresponding to the truth table, p. 2-112 Ref. 8 , generate 
a square wave output which is independent of further transi- 
moms O11 ule inputSeand are a function only Gt the timing 
components. Conversion of the N74121 from the "one-shot" 
mode to a continuous square wave generating multivibrator 
was accomplished by providing a feed back loop in which the 
output pulse (pin 6) is routed through an RC delay circuit 
SemeiS MRD eit oe (note Elming Ciecule logic Gdilagrame rig. 
5). This RC circuit provides both frequency and wave shaping 
Convcrol, | 

The pulse width of the output square wave is controlled 
Meoune oc reg 


xt 
between pins 14 and 11, and pins 11 and 10 respectively. The 


ano © 
e 


by the external timing components, Ry 


N74121 incorporates an internal timing resistor which if 
utilized generates a 30 nanosecond pulse width. Since, how- 
ever, the Scanivalve stepping solenoid requires a minimum | 
pulse width of 5 milliseconds for AOLIE OF the following 
external timing components were utilized: 

= 20 micro farads; 


Zoe ik = 0-75 Kohms (variable). 


Se 
This combination of external components provides a pulse 


width range of 0-1.5 seconds. 
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Since the feedback loop provides the trigger input, the 


variable external resistance,R in addition to determining 


ext’? 
the output pulse width, is utilized to establish the output 
frequency. Therefore, two resistors are connected to pin ll 
Eromootn #8 through the 60 Hz/IM0 Hz switch S3 with the cor- 


responding variable resistor adjusted to provide the desired 


output frequency. 


Creo LPUL BUFFER 

To insure stable operation of the multivibrator, the out- 
put from the N74121, pin 1, is routed through a NAND gate 
Det GEnC tT eCieeud Eid Ti zation stosprovide sloeds1 sola 
tion. The NAND gate buffer utilizes the Fairchild TTL type 
9002 [Ref. 9]. With the input from the N74121 into pins 12 
and 13 of the 9002, the signal is inverted to provide a stable 
positive square wave for external synchronization. Addition- 
ally, the N74121 output is routed to the Internal/External 
S Wee Oso ee en Signal source is selected and returned 
EO pins l and 2 of the NAND gate where the signal is isolated 


and inverted prior to transfer to the 4-bit binary counters. 


Ce ET NARY COUNTERS 

The input to the binary counter circuits is a buffered 
60 Hz or 110 Hz positive square oe Since the Scanivalve 
advance speed is limited to a range of 0.25 to 1 step per 
second, to accommodate: 

i signal stabilization; 


2.) fanalog to digiitall conversion; 


au 





3. BED to ASCE conversion (when ASR~33 TTY is utilized 

as’ dalla mequisition/computer interface; 

4. data reduction/processing; 
the inoue commana end control signal must be significantly 
reduced. This stepping speed reduction is accomplished through 
the use of two 4-bit binary counters which are connected in 
5 Celera al pUtL son the fLrSteeounter 1S ubeilized as 
Poo pit co auhe second counter, 

The 4-bit binary counters utilized in the Scanivalve con- 
Crolmcircuice are Pairohnwmiid type #ETL/MSI 7493 which is) ay mono— 
fees Miheegqramed GCarcult Consisting of four master/slave 
plier leopecwe Bhestlip-flops fare internally connected to pro- 
vide a divide-by-two and a divide-by-eight counter. Both 
7493's, however, were modified to operate as 4-bit ripple 
through counters to provide simultaneously, divisions of 2, 
ae, an 16. This modification consisted of connecting the 
Seo moiiel2, tO Ne ilipue- pin te(note Card LI wiring dia 
(loi Lne divide shunecElonNelupuus athe as rollows: 

ee Dem 12 Avice Dye Cer 

>. PE eneome V1Oe—piee ela, 

Se ne ely eb eagh be 

lPaeee ol G1 V1 debby si Xx teCone 
ihe UEpUE Ee romysEnc firs 9/493 rs en eizemieiuo, ILL islivabete.= 
by-sixteen) and routed to the input pin 14 of a second 7493. 
With external connections corresponding to the first binary 
counter, the second counter provides the following divide 


PUnecElons GoratlVe ee ties timing clock anput: 
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ioe  Cmy1de-by— 32; 
22 pin 9 divide-by-64; 
ERD Oe coma vice—by— 25. 
eT el ouvide—-by—2 56. 
PiiemoulwoulLs =) Ollmpo lis 9, onmoncmilie are wsoutea tO the Scan 
VaIkVemspecead COnerol Switch SS corresponding to high, medium, 
and low speed respectively. The speed count output pulses 
are then routed to the Manual/Automatic switch Sl through 
Wittem tiiey sire Cirectee Co CirCcullts to; 
l. advance the Scanivalve to the next sequential pressure 
POLE mand 
2. increment the LED visual display indicating the pres- 
sure port being sampled. 
Complete specifications and truth tables for the 7493 are 


DEOvTeCece seme. o- 24e7 ket. 9F 


Zo 





Vibe oO ARATOR tRCUIYS 


Pec CONLVALVE POSEPEION INDICATOR CIRCULT 

The requirement for visual verification of the Scanivalve 
pressure port being sampled at any instant is achieved through 
the use! of a pre-packaged digital counting, decoding, and 
foo lovee TCU lmmine Gigqrvtial counting Circuit consists of 
EVOm@eeidemeountero,etype N/490e(oronetics)mewhich are mono> 
Pee ie weve ecde in SSriecseuOo provide aumesu-Signiticant= 
Ac Pie MoD oncdecm caste cignigtacant—-dugtia (heb) count displays 
BS a ee eOuss crc som Our dial amie Masteier il il ops ean Leis 
nally interconnected to provide a divide-by-two counter and 
a divide-by-five counter. Additionally, gated direct reset 
lines are eee Ca itis) Die oie hr TS eater Ct Wacimn ania: 
Oo oem sete Oe 4 BEDeecount of Fo) Through yaria— 
tion in external pin connection, the mode of operation of the 
N7490 may be altered. The particular mode utilized in the 
Scanivalve indicator system is the BCD decade counter mode. 
This Pt smpachiweved by connecting the binary decimal (BD) input, 
piteeeee: Lhe Outset pin 12, of the N/490 (mote: wire diagram 
Appendix A). In addition to the conventional "0" reset, in- 
puts are provided to reset a BCD 9 count for nine's compli- 
MCE LOS ceewWon Ss IgQmit IledtiaciChE—eCMnEmcanebe Maintained. ly 
COURCCL Ligure “2 NCOUnEsOCULOUEMEOIn slilnor the farst N/490 to 
the input, pin 14,of a second N7490. 

In addition to the internal use of the BCD code generated 


by the decade counters, external connections are provided and 
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utilized in a comparater circuit to determine coincidence of 
Signal (step count) with the output from the "thumb-wheel" 


selector switch. The BCD count output for each N7490 is as 


follows: 
Count pi wed aes patie pitiee 
0 0 0 0 0 
a 0 0 0 i 
2 0 0 1 0 
3 0 0 i 1 
4 0 i 0 0 
5 ) 1 0 1 
6 0 1 a 0 
7 0 a i Ih 
8 I 0 0 0 
2 1 0 0 1 


(CEBEn ete lLemror N/490"£rom pp. 2-94, Ret. 9) 

The BCD outputs from the N7490's are routed through N7475 
quadruple bi-stable latches which provide temporary storage 
between the processing unit and the input/output or indicator 
UP iemetad Natene Ss vare retained artiricially jin a nigh 
state to allow continuous data flow. 

From the quad latches the BCD signal is routed to two 
BCD-to-seven segment decoder/drivers. The N7447 decoder/ 
Grivereisea LLL monolithic device consisting of necessary 
logic to decode a BCD code to seven-segment readout plus se- 
lected a the Complete (meet mye and truth table tor the 
NBAMY 21S provi Ged Onepe 2-50 Ret. 9. } 

The outputs from the N7447's are Senemeo. two LED 1ndica— 
tors mounted on the face of the instrumentation/control pan- 
el. Thus through the BCD counters, latches, decoders and LED 
indicators, the position of the Scanivalve pressure sensing 
port is determined and displayed. A wiring diagram of the 
wasuadlmeeosition display as provided in Fig. 7. 
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Poor Mo=VEiE SueipCrorR sei RCUITS 

To provide automatic operation of the Scanivalve control 
circuit, two BCD thumb-wheel selector switches are incorpo- 
rated and mounted on the instrumentation/control panel. The 
function of these switches is to provide a means of pre-select- 
ing the maximum number of sequential Scanivalve ports to be 
sampled during any particular experimental evolution. 

The thumb-wheel selector switches produce a negative logic 
BCD code corresponding to the decimal digits which are manu- 
ally selected. This BCD output is converted to positive log- 
tweet liaZing monolithic, type J9JOIG, inverters. Foreboth 
MeL, Most-STtqurri1cant=cl1gre (MSD) ana least=sigmi f&icant— 
digit (LSD), the following outputs are generated by the thumb- 


wheel switches and are routed to the indicated pin inputs: 


EGpe count Diner, (20L6O input) 
0 | 1 
1 3 
2 2 
4 9 


Gee OMPARATOR CIRCUAT 

The outputs from the 9016's are routed to the inputs of 
NAND gates for comparison with the qutputs of the N7490 decade 
counters. The NAND gates utilized are monolithic TTL type 
N@436,5) the £olllowing inpwes® tor both MSD#and "LSD are pro=- 


vViedeooinmte, che N/486 Ws 
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E@pacOuntc 70 lGmenput 7490 input NAND output 


pin noe pi nenion Dane Mo. 
0 1 2 3 
1 4 5 6 
Z o 10 8 
4 Le i 11 


The logic of the N7486 NAND gates is such that the output is 
Ji wOmmebilgnesunder all inputs conditions except when both 
inputs are logic high. In the case where both inputs are 
high, the output of the NAND gate is logic low. Hence when 
the logic level from the thumb-wheel selector SwltCChweem. cach 
BCD character output coincides with the corresponding BCD 
Eharacte heOUuLpULetrom the decade counters of the visual dis= 
play circuit, the logic level of the NAND gate in the com- 
parator circuit is low. There are however, four BCD charac- 
ter outputs -from each decade counter and each 9016. Thus, 

teu Veotliy “council Gence Of cach BCD character, MSD and LSD; 
after comparison of corresponding characters in the NAND 
Gates, the outputs from the NAND gates are routed to a NOR 
gate. The NOR gate utilized is the monolithic TTL type N7425 
which is a dual 4-input NOR gate with strobe (note truth 
tablesmand@mternal@legic diagram pe 2-61, Ref. 8)= The 
llogicuot the N7/425 125 such that the output for either 4-1npuet 
NOR gate is low except when all four inputs are low at which 
Eaic Nesom eoULeoretne N/4z25euce locie high. Therefore the 
four outputs from each N7486, MSD NAND gate and LSD NAND gate, 
are routed to the inputs of the dual 4-input NOR gate where 


Cea wecolme1cencesof the PCD cCharactersygenerated by the 
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thumb-wheel selector circuit and the decade counters is ascer- 
tained. Further, if "00" is inserted into the thumb-wheel 
circuit, the automatic Scanivalve advance system will not 
activate ace this is considered a trivial exercise and the 
Scanivalve position 1S maintained at the zero port; i.e. the 
Pictu erhClleEmES NOk activated, A legie diagram of the 
Pollard tommetwae litt ts provided in Figs 8 while a wiring dia- 


Taieom nls Clrcuit 1S iImelwoed in Fig. 7. 
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Vie OMING CIRCUITS 


A. AUTOMATIC HOMING 
When the Scanivalve position indicator coincides with 
the numerical value pre-set into the thumb-wheel selector 
Switch, the system is designed to return to the home position 
and hold until further activation. This is accomplished 
ERrOuUgnmEne Uta llZatltOonwor a One-Shot multivibrator and a 
eo temo 4 eeu lt - 
ipene-Shot Muleivibracon 1 rcule 

Upon determination of BCD character coincidence in 
Pic NOnmegates ~EheRoutoutsm.i rom the N74259) pins ge tor MSD and 
Pi Ceeke aol atC outed. towel NAND ate, types 90020 where 
the two inputs are compared. When MSD and LSD circuits indi- 
CobeCmeOl ten Gemce mi che Imputceto the P0022 are legqic high 1re— 
sulting tea Logie Low cutput. This Low going signal as then 
utilized to activate a one-shot multivibrator which in turn 
sets a J-K flip-flop and pulses the Scanivalve control homing 
eles 

The one-shot multivibrator utilized is a Signetics 
monolithic TTL type N74122 which is a retriggerable monostable 
MUGeinglotaAcOr end Liiecame lCdreGinet1Onee AlEhough an antennal 
resistor is provided to generate a 21 nanosecond pulse width 
SOUA LCE Wea Cc w@UtDU tyme > CCV cimme ODO Clits Spey and Rost aL c 


utilized to achieve the 5 millisecond square wave pulse width 


requirement dictated by the Scanivalve home control circuit 


Ae 





(note Fig. 10). To achieve this desired pulse width the 
following external components are utilized: 


Ae orn =U Micros faradsr 


ea = 0-75 Kohms (variable), 


ext 


This combination of external components provides an output 


pulse width range of 0-1.2 seconds as determined by eq. l. 


Oe J 
(3) tC i= oO. 32 x ae x occ x (1+ ne 
where eee Toei Onis 
oa os. 1 pr 
ie 


Woe Naneseconds 
(note. characteristic equation ofaethe N/4aiZ2 


Ci POW Ge SDORGS .iomme —llGr Re fae) 


The positive square wave output from the N74122, pin 
8, is *routed to a NAND gate, type 9002, to providewsystem 
isolation for the multivibrator. By connecting input pins 
imreaneloeor the S002 together, the output, pin "3; is helki 
leg crlilgumuniilwls tie multavaibeatom1s actavated thus genera— 
ting a positive Eauore wave which transitions the output to 
logic low. This inverted and isolated square wave is then 
mete Om tou tne of lip— flop weniecideee 

ee 2 eto Ome lr CUI 

As noted previously, the function of the #il1p-flop 
circuit is to transfer the homing pulse generated by the 
NUMiGiwibwatec to tire Scanivalve cContrel circuit and to reset 
and hold the Scanivalve stepping circuits. The flip-flop 


Uti Zemin SPmelEOulc To themolgnetics monolithic TTL, 
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A=bit binary counter (note p. 2-100, Ref. 9). This 1s essen- 
tially a substitute integrated circuit for a master/slave J-K 
Hib po mlOopwes fhe Operation of the N7493 is described sim Sec. 
iA) roo maAD pit Ccacton off theglG an abstraight flip-flop 
mode is accomplished by utilizing the divide-by-two function. 
Therefore,the output of the N7493, pin 9, 1S maintained in 
a given state, high or low, until altered by the input square 
wave from the multivibrator. Since the 4-bit binary counter 
is activated by both positive going and negative going logic 
present in the input square wave, the divide-by-two function 
insures a single output transition for each square wave input. 
Thesoutput from thegN7493 is sent to the LSD 9016 
inverter where the flip-flop output signal is isolated and 
inverted. When the automatic homing signal. is generated, a 
Cravererenmerome|ogic low to Wogic hagh @shinitiaeed by the 
N7493 which results in a logtewlowsem=put fron 2 of Ene 
LnVeLeeG — nls soutpuc aLCSUltES = imethe Scanivalve shome scontrol 
SrrcuLeubeing ackivaceds to vevele the Scanivalve to the zere 
per Gali removing the power from pin 4 of the second N7493 
in the PennNet ioc bo Ce latierzeuact1oOmereSsu Lic en aja 
further reemattenccan vance advance attempts being inhibited; 
i-e., thes’ Seanivalivesis heldW¥at the zero port. Additionally, 
thewoutpuLeeicom ene. 90 1G, pine ais connected to Dbineieana the 
input inverted to provide a logic high output, jeneis) ILC ae imed al 
is used to reset the LED visual indicators and associated 


decade counters to zero. 
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B. MANUAL HOMING 

Lomein ote Them aetron Of the Scanivalve advance control 
Sean l yaarLer seta vyallon tmathe automatic mode and prioy 
to the automatic homing and inhibit described above, and to 
reactivate the automatic system, a manual homing and reset 
Sec mice tsulneOrporaced inte the system. The manual home/ 
reset circuit utilizes the components and circuits described 
Bbove ter the automatic homing) function with the addition GF 
the Manual Home/Reset switch S6. The function of this switch 
ei Od lode tiecked LogmemtOw transi elonmeincO ene 
input, pine | and 2, of the multivibrator which again, if 
the Scanivalve is stepping in the automatic mode, will acti- 
vate the Scanivalve homing and visual indicator reset and 
hemGwrelreu1 Ls. 

With the system in the automatic mode and in a home and 
hold Bn Se eae ee of the system is initiated by de- 
pressing the Manual Home/Reset switch which alters the output, 
pio wore ene Lene~t LOpmeen logic Pow with che following) 1re— 
Sults: 

ie the Scanivalve Nem NGm@ertscultn I spacktmvatea resulting 
in the pressure port zero being advanced to the col- 
HECTOR port; 

Ze POWCE, to V Vee 1s Penne cred to the second 4-bit 
Pilaty seeunter ,mN/49eeror the Conn err Cu here Ls 
enabling the Scanivalve advance circuit; 

3. the reset to the indicator circuit and decade counters 


is set to logic low, thus enabling these circuits. 
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The end result, then, is that the Scanivalve and the position 
indicator will again advance in a sequential manner as pre- 
viously described with termination initiated by coincidence 


of the thumb-wheel switches and the visual indicators. 


i, 





VP MANUAL SCANIVALVE CONTROL CLiRCULT 


AS. indmcated an the Definition Of Design (Sec. TI), one 
Sreene Cesinmea COntErol network Capabilities is manual control 
wherein the Scanivalve advance is manually controlled and 
implemented and the raw data automatically collected from 
Ene PrleScUmePeralmsuaucer and processed through the incorporated 
computer. This design feature 1S incorporated in the pres- 
Sure acquisition system through the use of the following: 

1. Automatic/Manual switch Sl; 

Zee Manual’ Step Input switch sS4- 

3. a one-shot multivibrator; 

ielicwaal Homing/Reset Circuit; 

eee cia Lala Vallee eOllLl OLmemeCult, 

The manual Scanivalve advance mode is initiated by plac- 
ing the Automatic/Manual input switch in the Manual position. 
MiSs OrSscOnmoctes ENe AULOMatIC taming Circurle OULpUL from 
the NAND gate buffer,9002 card 1 (note wiring diagram Fig. 
Ceand Manud PAG vaneCumognemel agian Higgs) and Conmects the 
output from the manual one-shot multivibrator to the same 
S00Zeor Cher sto Insure compatilbi Miry ef pene Scanivalve 
MEeSSUre pOre position#@and Ehe visual position indicator 
LED's, the Manual Home/Reset switch S6 must be depressed to 
reset the system and indicators to zero. With these actions 
accomplished, the system is activated in the manual mode of 


operation. 
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With the system at the zero pressure port, the Scanivalve 
may be advanced to pressure port no. 1 and subsequent sequen- 
tial ports by depressing the Manual Advance switch S4. The 
EU CmuonmenuseinS ISwitch 19)9te Inieiciecisa Logic low signal 
1H eemenemd nOWem Dilissl ance2,oL the manual one-shot multivi-— 
piace, ee cee monolithic TTL type N74122 the operation 
Mirchi S CrscusSsca sin Ehe Homing Circuit discussion (Sec, 
VII). Wath external timing components similar to the “home" 
multivibrator, a positive square wave with a variable pulse 
width (range 0-1.2 seconds) is generated upon depressing S4. 
The output of the multivibrator is sent to the Automatic/ 
Manual switch S4 through which it is routed to the decade 
counters/visual display circuit, previously discussed, and 
Bomenc SCatavalve advance control) circuit. 

Liew COloaGatom Circuat (Seces Vaiss activated inethe  nman— 
ual mode of operation and hence will generate an automatic 
homing sequence when the visual indicator/decade counter 
Sl rCud is aeD character output coincides with the thumb-wheel 
output. Likewise,the system must be reactivated by depressing 


the Manual Home/Reset switch S6. 


4l 


IX. TRANSDUCER SIGNAL CONDITIONING CIRCUIT 


Pie wpbeScures transducer memlazed imgthne data acquisition 
system is the Statham bi-stable differential pressure trans- 
Sec maniodc MEM jhh@we2. oo 350) witheameacale factom Of 1611 
fl eee voles ner VOLE per psid (note Table Til for complete 
operating specifications). With a 5 volt excitation voltage 
this scale factor generates 8055 micro-volts per psid, or a 
PatiodUce GaoMEetiae range OF + 20.04 emillasvelis. 

This pressure transducer utilizes an unbonded Wheatstone 
bridge sensing ecurcuit we to balance this bridge circuit under 
a zero psid condition, a 0-50 Kohm variable resistor 1s mount- 
ed on the face of the instrumentation and control panel (note 
location Fig. 2). Further, to reduce the bridge balance sen- 
Sitivity, padding resistors (51.5 Kohms) are utilized on 
either side of the bridge balance resistor as indicated in 
deGhg lee, 

The output from the pressure transducer is routed to a 
plist TOW Meee Omg Maeo Oe ind ClO Menai ht ie meee. feed 
backwe treme tiustrated an fe mele pmevides sa) Variable am- 
Plification factor ranging Fon Bee On aes an input 
impedence of 351 ohms (which is the output impedence of the 
Statham pressure transducer). Through this combination of 
pressure transducer and operational amplifier, full scale 
Stepleeranoeror + 8.606 VOllisuicyrealized ss Additionally, as 
DOtecem@in Maem i272 a 0. . micro-fLarad filter capacitor is con- 


nected in parallel with the feed-back resistors. The function 


42 





of this filter capacitor is to reduce the high frequency noise 
which severely degrades the pe neenea Cw low voltage analog 
geViGosm Withee chiSsefilter capacitor,sthe moise level is 
meocueecemeoma tolerable 0.9 milli-volts RMS. 

The output from the operational amplifier is routed to 
the DATEL DM-100 DPM where the analog-to-digital conversion 
issaccompliished. Complete discussion of the conversion proc- 
ess and subsequent signal conditioning 1S provided in Ref. 


2 ang RCT? « 
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Xn eCONCLUSION 


MhewcesPomeot IamlOgic Comesnol unit and transducer signal 
conditioning unit allowing the interface of a pressure multi- 
plexing system with an existing multi-purpose digitizing and 
data logging system has been described in the preceding dis- 
cussion. The design has been made consistant with the goals 
of manual and automatic pressure data acquisition at variable 
Scanivalve stepping speeds over a preselectable maximum pres- 
SUre POLtmrange om 0-4". 

The only remaining items to be incorporated in the system 
Ame FeRempOwer SUpplics Mi U1G6y,. 2 ov, and + lSv)yewhich are 
currently provided by external units. Additionally, a sample 
check of data flow under an experimental test environment 
MUS@meDS Mace. tie SOLtware programming for the processing 
of the digitized data is left to development by the system 
user since pre-packaged programs exist in the IBM-360/67 
SSP library which-may be implemented and tailored for spe- 
el take. apple at tons - 

emeSmrU Cenc rmeoncludea that cle Utrltzation Of the Dumeh— 
paper Lape Option of the ASR-33 TTY 1/0 device will provide. 
an effective and efficient data transfer medium upon incor- 
DOLrdeloumerethe Wang 706.intertace (ASR-337to Wang 700). When 
this equipment becomes available, rapid data acquisition and 
dcfLamLcaucCrwoOneanrto pDressumemeoecrrite ent form will become 2 


reality in the Department of Aeronautics. 
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Table I 
ecalive.ve, 4604-12007) speci tications 
Temperature: 0° to 80°C 
Pressure: 0.01 to 500 psid 
Design: rotary shear plates surfaced with electrolytic 
Sapphire 
ip Atlon- mm. 0O5 1nen“O.D.  Sstandardeumes. il | inchsexten— 
sions are made with staggered lengths. 
Stepping speed: variable 0 to 20 steps per second 


Automatic homing speed: 48 steps in two seconds 


1. 


ela 

POMC rome Onero mot. Chiunmermo 0, oOCOlnlCd tl Olle 
Unit size: 4.5 x 6.25 x 5.75 inches 
Power requirements: 115 V.A.C. 50-400 Hz 
Maximum stepping speed (at "low" power setting): 20 steps 
per second | 
Commands: remote contact closures, transistor (PNP) 
eeneee manual push buttons for "step" and "home" 
Command input: command 5 millisecond minimum 


recovery 5 millisecond minimum 


A5 





Table III 


tatham Differential Pressure Transducer Specifications 


Oe 


la 


Zz. 


yore 


14. 


ir. 


cy OG ae ee os OU) 

Pyee Stl ee eee OC) mec yo OS Le 

WEBGUI iSees sp Sol) eee! 

Natural frequency: 3500 Hz 

Positive pressure media: fluids compatible with stain- 
less steel 

Reference pressure media: dry, non-corrosive gases 
itt C piteemme ce SC Ber CSourec; wel to 65 pei a: 

Transduction: resistive balance fully active strain 
gage bridge 

Nominal bridge resistance: 351 ohms 

BxCltatienmee, SmVEG Mer AC (RMS) through carriersfrequencies 
Full-scale GuCDULMMODen Cireuwe) + 420 mvy7Vv nominal 
Resolution: infinitesimal 

Temperature range: -—65 to 250°F 


Thermal sensitivity shift: less than 0.01%/°F Over 


‘temperature range 


Calibration Factor: 1611 microvolts per volt per psid 
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P.-multiple pressure lines 
to be tested 


48 JM-pneumatic connector, 
quick installation of Scani- 
valve 


Pressure transducer 
Typical port 


Elastic duct 








ee ae See t1on 
| e3) i 4 ¢ 
| ea ; ' Rotor 
t a te HF F 
E a4 = ' ve 
! a vy Thrust bearing 
poo ee 
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APPENDIX A 


ANALOG=-TOse2ASCIE CONTROL BOARD 


In numerous experimental evolutions raw data is acquired 
Meche «Orn Of Aneanealog saqnal. This analog signal, after 
appropriate conditioning, is frequently converted to a digit- 
al format compatible with computer input/output (1/0) devices 
to facilitate automatic data processing (ADP). In the data 
acquisition system proposed in Ref. 2 and in this thesis re- 
search, the input analog signal is to be converted to three- 
Greme-pluS-~Sign ASCI£ format. Additionally, it is desired 
to een the data in the following format: 

1. ten (10) numbers per line; 

Vocal Iemeaye see Uien. 

oe Cm CCU 

Ae ett ine © OLL 1S an auLOmMaLTe  SLOM Cea gemeel cise 

acter which will cause the tape reader on the ASR-33 
TTY to stop and wait for an external command (e.g., 
from a computer) before resuming the read function.). 

Realization of this conversion process is accomplished 
through utilization of the appropriate integrated circuits 
delineated in Ref. 2. These circuits, when properly command 
ACCT Val LCCmewl tls 

1. input three (3) binary-coded-decimal (BCD) digits 


Plus Sign, ang 


ao 





Pee oUcoUE In ASEH vcode’: 
aCe Spacc. 


Pee che —aporopriate sion; 


Oo YS Coieeeteyerene cll elnmexey 5) oukeplie, sauuliexe see 
Gneeancarrlage Lerturn- 
e. a line feed; 


ieee ck ee Tr 
Additrenally, these circuits provides functions: 
ie, “BUSYY shlgnal to indi@ate the®execution of the 
tranelabitonu, process and@thus Etouanhibit any dasturb— 
Ing eaeelyvilty; 

a ATS analog data is ready for conversion; 

Se) a Gata~block~header position to facilitate data block 

elentitica clon. 

To provide the functional characteristics described above, 
the Erreur iinet rated im Fil Gaels Waserabricabteamutilezing 
commercially available monolithic TTL integrated circuits. 
Additionally, a DATEL DM-100 Digital Panel Meter (DPM) was 
utilized as an Spe icg_ toca cal Gonverterwereoviding 2 BCD 
oukput over a range Ooo eimai smn. GCOnVver Si On 
rate of 1000/sec. This conversion rate limitation does not 
constitute a serious problem, since the upper limit on any 
anticipated conversion rate Pectiivencme is approximately 80/ 
sec. 

ihnebarcalog-to-ASC1t conversion 1s initiated) by bringing 
Pleo nalog data ready ) om taeceDouble@#D Flip-Flop, de- 


Vlceme 47a toma logic low state. This takes pin 9 of the 
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(A elove vile stalls the DPM smeonversiOmeprocess, and incre- 
ments the “word counter", device 9316 (a 4-bit binary counter). 
Documeoenp Leticnsof sehes analo@g-to-scD conversion, (about 1.0 
milliseconds), the DPM outputs a logic low signal to the re- 
SCmm@a tne Clock control flhip-Elop,]pin of the 7474, thereby 
enabling the clock which in turn resets the "analog data 
ready", pin 13 of the 7474. With the clock enabled, the 
Character bit counter is started as well as the transistor 
board clock. On the first clock pulse, the translator board 
1S activated to read the three-BCD-digit plus Sign output 

from the DPM (NAND gate output labelled parallel-enable 

(JE eeelhne Cheamaceer countess device /493771s clocked by 

the eight clock pulse which increments the character count. 
The MPX outputs select which character from the DPM is being 
outputted by the translator board. The translator, however, 
must receive a PE Signal before its character count will 
change. Wevice 9316, the word counter, allows the character 
counter to reset on each word except the tenth word in that 
Wine. On the enn word, the word counter suppresses the 
character counter's attempt “ge reset Ceumts(S5@and 7, provid- 
ing resets ae after a fine=teed, cammiage=-return, X-OEF 
sequence. The "block head" switch, when closed, causes chee 
WOmad COUNnTCH tO preset to word nine. The next analog data 
ready Signal will then cause a word to be written followed 

by the normal tenth word sequence of line-feed etc. Addi- 
tionally, the output “busy out" may be used to prevent a 


Tonologecdatommucady Signaler rom Utalaziang external Circuitry. 
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